Abstract Prestorage leukoreduction of red cells is effective in reducing the incidence of HLA alloimmunization and improving the quality of stored packed red blood cells (PRBC). This study was conducted to evaluate the effectiveness of Imugard III-RC 4P in removing the leukocyte from packed red cells and the storage effects thereafter. The effects of buffy coat removal on the efficiency of leukofiltration, storage parameters of leukofiltered packed red blood cells and feasibility of prestorage leukofiltration were also assessed. Sixteen units each of buffy coat-depleted (LP) and nondepleted (NLP) PRBC were taken. Every unit was divided into two equal halves, one leukofiltered and other, non-leukofiltered. Cell counts, volume, hematocrit and hemoglobin were measured before and after
Introduction
Leukocyte reduction of blood components is widely practiced to achieve a number of benefits. These include prevention of febrile reactions, avoiding leukocyte induced alloimmunization, reducing transmission of cytomegalovirus to levels comparable to those achieved through use of seronegative units [1] [2] [3] . Immunosuppression induced by allogeneic transfusion may also be abrogated by leukoreduction [4, 5] . Since 1950s, it has been clearly established that removal of buffy coat from the whole blood, removes 70-80 % of the WBCs and is sufficient in preventing many febrile non hemolytic transfusion reactions (FNHTRs) to blood but not HLA alloimmunization or cytomegalovirus transmission [6, 7] .
Filtration has emerged as the most commonly used method of leukocyte reduction. Leukocyte reduction by means of filtration can be performed at three different points in time-before storage, after storage but before issue fr the blood bank, and at the bedside. Prestorage leukofiltration may offer additional benefits over leukocyte removal during or after the storage period in terms of avoiding the potential of reaction and alloimmunization, in several ways. Firstly, HLA antigens may solubilize from leukocyte membranes during storage, passing through a filter applied after storage and immunizing the recipient [8, 9] . Secondly, cytokines released from leukocytes during storage, may cause FNHTR in transfusion recipients [10, 11] . Furthermore, release of enzymes by the leukocytes during storage may be detrimental to red cell metabolism and viability [12, 13] . In addition, conducting the filtration in laboratory rather than at bedside, permits quality control checks and tighter control over the performance of the technique and leads to more uniform results [14] .
This study was conducted to evaluate and document the functional properties of the Imuguard III-RC filter system and the storage effects on the leukoreduced red blood cells it produces. We have also assessed the feasibility of prestorage filtration as a routine protocol by studying the effect of buffy coat removal on the efficiency of leukofiltration and on storage parameters of packed red blood cells.
Materials and Methods
The study was reviewed and approved by the institutional ethics committee and informed consent was obtained from subjects. All subjects met standard criteria for allogeneic blood donors according to our SOP. Total 32 units of whole blood were selected by random assignment for inclusion in the study.
Plan of Study Component Preparation
Sixteen whole blood units were collected in quadruple CDP/SAGM blood bags of 450 mL (Terumo Penpol, Japan) and placed on a bench top at room temperature for 8 h. These units were processed into leuko-reduced blood components using T-ACE (M/S Terumo Penpol, Japan) automated component extractor. After separation of plasma and buffy coat, the additive solution (AS-5 Optisol, 100 ml) was added to make leukopoor packed red blood cells (LP-PRBC). Another 16 whole blood units were collected into CPD-only triple blood bags of 450 ml and manually processed into non-leukopoor packed red blood cells (NLP-PRBC). Further, each of the packed red cell units (LP-PRBC and NLP-PRBC) were weighed accurately and divided in two equal halves using sterile connecting device Composeal (M/S Fresenius, Germany). These were then stored under standard blood bank conditions at 4°C. One semi-unit of each PRBC was leukofiltered (LF) using lab-side red cell leukofilter (Imugard III-RC 4P, Terumo Corporation, Tokyo, Japan) on the day of its processing (day 0); another semi-unit (NLF) which served as a control, was left as such, till the end of the storage period (i.e. day 35 for NLP-PRBC units and day 42 for LP-PRBC units).
Sampling
Serial samples were taken by aseptic techniques from each halves stored at 4°C at weekly intervals, starting on the day of processing (day 0) up to expiry for determination of characteristic storage measures. Cell counts, Hematocrit and Hemoglobin levels were assessed using automated cell analyzer (Sysmax KX-21, Cobe, Japan). Residual leukocyte counts were determined in these samples microscopically using Nageottes chamber, as per the SOP. Later, the blood samples were spun for 20 min at 2,600 rpm (Cubota, Japan) and the supernatant were analysed for following: • The level of potassium (K ? ) and LDH in plasma was measured by biochemistry analyser (Vitros DT60II, Ortho-Clinical diagnostics, High Wycombe, UK).
• The level of plasma Hb was determined by plasmahemoglobinometer (Hemocue, USA).
After 42 days, sterility tests were carried for all the units to rule out bacterial contamination.
Data Analyses
The data for cell counts and hemoglobin was calculated from each semi-units and then extrapolated to quantity per bag by multiplying with pre-division volume of PRBC unit of either type. Percent hemolysis was calculated using the following equation:
Statistical analysis was performed using commercially available software for personal computers (SPSS 17.0 for Windows, SPSS GmbH, Munich, Germany). Student t test was used for parametric analyses of normally distributed data. P values \0.05 were considered significant.
Results

Filter Performance
Sixteen halves each of NLP-PRBC and LP-PRBC units were subjected to leukofilteration. Mean filtration time was 18 min for NLP-PRBC and 15 min for LP-PRBC. Mean changes in volume, hematocrit, hemoglobin, RBC count and WBC count are as shown in Table 1 .
Pre-filtration Values
The mean volume of NLP-PRBC units was 262.77 ± 4.72 mL whereas it was higher for LP-PRBC units (301.11 ± 6.16 mL) due to addition of SAGM in these bags. Due to buffy coat removal, the mean RBC and WBC counts per bag were lower in LP-PRBC (19.46 ± 1.64 9 10 11 , 768 ± 58.56 9 10 6 ) compared to NLP-PRBC units (20.01 ± 1.73 9 10 11 , 2,261.56 ± 167.67 9 10 6 ). The mean hematocrit and total hemoglobin content was 61.09 ± 2.97 % and 55.01 ± 2.78 g/bag for NLP-PRBC and 56.51 ± 2.67 % and 53.06 ± 3.09 g/bag for LP-PRBC.
Post Filtration Values
The approximate volume loss was 50 mL for both type of PRBC. The mean decrease in hematocrit per bag was 1.35 % for NLP-PRBC and 1.18 % for LP-PRBC. The mean difference in hemoglobin (about 2 g) between two groups observed before filtration is still found after filtration, showing that hemoglobin loss due to filtration is similar for both groups. For LP-PRBC, decrease in hemoglobin per bag was 4.55 g/dL (8.5 %) and the mean decrease in RBC count per bag was 2.71 9 10 11 (13.88 %). The mean leukocyte count per bag reduced to 0.15 ± 0.023 9 10 6 after leukofilteration. For NLP-PRBC, the mean decrease in hemoglobin per bag was 4.32 g/dL (7.86 %) and the mean decrease in RBC count per bag was 2.88 9 10 11 (14.40 %). The mean leukocyte count per bag was reduced to 0.75 ± 0.171 9 10 6 after leukofiltration. As shown in Table 2 , LDH and hemolysis increased in NLF subunits as compared to LF subunits and this increase was progressive. At the end of the storage period, the levels of these biochemical parameters were higher in NLF subunits compared to LF units but the difference was not statistically significant (p \ 0.05).
Effect of Buffy Coat Removal
As evident from Table 1 , there is no significant difference (p [ 0.05) between postfiltration values of volume, RBC count, hemoglobin content and hematocrit of NLP-PRBC and LP-PRBC units. However, the leukofiltration achieved in LP-PRBC is significantly greater compared to NLP-PRBC units (p \ 0.05).
The weekly estimates of mean K ? , LDH and hemolysis in NLF and LF halves of both NLP and LP-PRBC units are as shown in Table II In the first and second week, the levels of these markers were higher in NLP-PRBC units compared to LP-PRBC units in both LF and NLF groups, but the difference was not statistically significant.
In the third week, in NLF subunits of NLP-PRBC units, the mean levels of K ? (26. 
Discussion
Transfusion of leukoreduced blood components is assuming greater significance with increase in patient population requiring multiple transfusions such as onco-hematology and thalassemia patients. Prestorage leukofiltration of blood components has been emphasized in studies conducted in recent past to prevent cytokine accumulation leading to FNHTRs, HLA alloimmunization and transfusion related immunomodulation. This study was designed to evaluate the properties of the Imugard III-RC filter system, assess the effect of buffy coat removal on the efficiency of leukofiltration and on RBC hemolysis parameters in packed red blood cells. To avoid the introduction of other variables (inter-donor variability of Hb, hematocrit, WBC count and RBC count), we used a design in which one PRBC unit was divided into two equal subunits and prestorage leukofilteration of one subunit allowed us to specifically assess the effect of post storage leukoreduction on identical RBCs.
The Imugard III-RC prestorage leukofiltration system provides a means to remove *4 log 10 leukocytes from a Red Blood Cell unit. Leukocyte content below 5 9 10 6 / unit is necessary for a unit to be considered 'leukoreduced' as per the AABB standards (this value is medically appropriate and practically achievable as per AABB Comments to FDA on Draft Guidance relating to Leukoreduction on 5/1/01) and leukocyte reduction by filtration of RBCs must not result in a red cell loss of [15 % [15] . Residual leukocytes must be below 1 9 10 6 /unit according to the Council of Europe's standards and a minimum of 40 g of hemoglobin must be present in each unit after leukoreduction [16] . All units prepared with the Imugard III-RC filter in this study met all these criteria. Other parameters such as volume, hematocrit etc. were also within the range specified by British committee for standards in hematology [17] . Prestorage leukoreduction is said to have certain potential drawbacks that have limited its application. One of these is retention of red cells in the filter and tubing. To combat this, Imugard III-RC prestorage leukoreduction system incorporates an air valve that automatically allows filtered (sterile) air into the system at the conclusion of filtration to drain the red cells from the filter housing and tubing. A similar study was conducted in Thailand to evaluate the effectiveness of Imugard III-RC in removing leukocyte from packed red cells. The authors have reported approximately 15 % red cell loss and 99.99 % WBC reduction, similar to the findings of this study [18] .
A comparison of filtered and unfiltered units over a period of 42 days showed that hemolysis rates were higher in the filtered PRBC units initially as compared to unfiltered PRBC units in both groups. It has been assumed that during leukoreduction damaged or fragile cells may be removed selectively because undeformable cells are easily trapped in capillary beds or filter matrices [19] . This selective depletion of damaged cells accounts for increased hemolysis immediately after filtration as seen in our study as well as in other studies also [20] . Towards the end of the storage period, the picture was reversed i.e. the unfiltered units were showing a greater degree of hemolysis, compared to filtered ones, yet the level of hemolysis in all the units was still well below the limit of 0.8 % suggested by the international guidelines [21] . The quantitative data arising from this study did not support concerns raised by receiving clinicians of increased hemolysis in the leukofiltered units, consistent with other studies in the literature [22] [23] [24] [25] . Most studies ascribe this improvement of RBC survival of filtered units to the lack of hydrolytic enzymes derived from WBCs dying in the storage container [26, 27] . Small but statistically significant decreases in hemolysis, increases in ATP levels and improvements in poststorage in vivo recovery have been reported in association with prestorage leukofiltration [12, 13] .
In terms of residual leukocytes, the results confirm that buffy-coat removal obviously has improved the filtration performances similar to that reported by a previous study [28] . This difference is obviously ascribed to lower influent leukocyte count in LP-PRBC units, but all units were WBC reduced to the level, which is presumed to be sufficient for the avoidance of alloimmunization against HLA antigens and for significantly reducing the risk of cytomegalovirus transmission [3] .
Although hemolysis of all the units increased with time during standard storage conditions, the hemolysis present in prestorage LP-PRBC units was consistently lower than hemolysis in the corresponding NLP-PRBC units ( Table 2 ). The differences between the units increased with storage time although significance (p \ 0.05) between the hemolysis parameters of LP-PRBC and NLP-PRBC was seen only after 3 weeks of storage onward. These findings are in accordance with early studies of Hoegman who showed that increased hemolysis was induced by leucocytes if red cell concentrates were stored in protein free additive solution [26] . No unit, however, in either arm contained a level of hemolysis above the normally accepted level of 1 percent. In our study, the differences in K ? , LDH and hemolysis values in LF and NLF units were more distinct for the NLP-PRBC than for the LP-PRBC units. Our results are in line with those of previous studies and indicate that the beneficial effects of prestorage leukofiltration on storage measures are greater for conventionally prepared PRBCs with a larger WBC load, whereas improvements in filtered RBCs are less in buffy coatdepleted units. [23, 29] .
In conclusion, the filter evaluated in the study is capable of reducing WBC content by *4 log. The total numbers of WBCs in the filtered units were within acceptable limits, regardless of the nature of the PRBC preparation procedure. The buffy coat removal of PRBC units offers additional benefit in terms of lesser residual leukocytes and lesser elevation of hemolysis markers during storage.
